It has been proposed that painful and non-painful referred sensations (RSs) are associated with reorganization of sensory pathways in patients with complete spinal cord injury (SCI). In order to investigate the referred sensation (RS) phenomenon and its correlation with neuropathic pain (NP) 48 patients with complete SCI, 24 with chronic NP and 24 without pain or paraesthesias were studied using clinical examination and neurophysiological tests. Patients reporting RSs were re-examined at 2 and 10 weeks after the first examination. We defined the presence of RS as sensations perceived below the injury level in response to touch and pinprick stimuli in various body points above the injury level. The examination was carried out by one researcher applying the stimuli to the patient under two visual conditions (open and closed eyes), and then asking the patient to make tactile self-stimulation. Seven patients with SCI and NP (29%) reported RS below the injury level. RS were well located and consistently evoked at repeated examinations. Touch and pinprick stimulation elicited similar RS that were non-painful in six patients and painful in one. Visual feedback did not change RS perception and characteristics. None of the patients in the SCI group without NP presented RS. In conclusion, our results indicate that RS is relatively frequent in patients with complete SCI and NP. The common occurrence of RS in patients with NP and the location of the sensations in the same area as NP suggest that pain and RS share common pathophysiological mechanisms.
Introduction
Referred sensations (RSs) are sensations perceived as emanating from a body site other than the one stimulated. The topography of RSs can be stable [24] Several authors have suggested that RSs are caused by reorganization of sensory processing in the brain. Indeed, RSs have been described in patients with chronic pain [14] and complex regional pain syndrome [19] , presumably due to induced maladaptive plastic cortical changes. The relationship between RSs and pain has been reported in a few patients following limb amputation [10, 14] . Recent studies in unilateral arm amputees using magnetoencephalography [6,9,15] showed the existence of different types of RSs related to cortical and subcortical reorganization. Non-painful RSs seem to be related to a widely distributed cross-modal corticosubcortical network [6, 21] . On the other hand, painful RSs appear to be related to reorganization of the primary somatosensory cortex [9] , and a strong correlation has been demonstrated between the number of sites from where stimuli evoked RSs, the phantom limb pain experienced and the amount of cortical reorganization [15] . In this context, a correlation between RSs and chronic pain would be expected in situations in which there is significant reorganization of somatosensory pathways, such as in SCI. Considering that approximately one-third of all patients with complete SCI develop neuropathic pain (NP), located below the level of the injury [27,29], we hypothesized that RS is more common in patients with SCI and NP compared to patients with SCI without pain. To address this issue, we studied the presence and characteristics of RSs in patients with complete SCI with or without NP. The results of this study may offer additional insight into the changes in the somatosensory system after SCI, and provide clinical and research markers for RSs in SCI.
